whether these phytogenic antioxidants are able to replace antioxidants usually added to the feeds 122 (e.g., -tocopherols) to a quantitatively-relevant extent under conditions of common feeding 123 practice. 124
125

SPECIFIC IMPACT ON DIETARY PALATABILITY AND GUT FUNCTIONS 126
Phytogenic feed additives are often claimed to improve flavor and palatability of feed, 127 thus, enhancing production performance. However, the number of studies having tested the 128 specific effect of phytogenic products on palatability by applying a choice feeding design is quite 129 secretions (e.g., saliva), bile, and mucus, as well as enhanced enzyme activity is proposed to be a 142 core mode of nutritional action (Platel and Srinivasan, 2004) . In vitro activities of rat pancreatic 143 lipase and amylase were shown to be significantly enhanced when brought into contact with 144 various spices and spice extracts (Rao et al., 2003) . The same group of researchers found greater 145 enzyme activities in pancreatic homogenates and pronounced bile acid flow in rats fed those 146 oils and capsaicin to swine and observed that gastric emptying was slowed down by these 151 additives. Phytogenic feed additives were also reported to stimulate intestinal secretion of mucus 152 in broilers, an effect which was assumed to impair adhesion of pathogens and thus to contribute 153 to stabilize the microbial eubiosis in the animals' gut (Jamroz et al., 2006). These observations 154 support the hypothesis that phytogenic feed additives may favorably affect gut functions, but the 155 number of in vivo studies with swine and poultry is still quite limited. The primary mode of action of growth promoting feed additives arises from stabilizing 212 feed hygiene (e.g., through organic acids), and even more from beneficially affecting the 213 ecosystem of gastrointestinal microbiota through controlling potential pathogens (e.g., Roth and 214
Kirchgessner 1998). This applies especially to critical phases of an animals' production cycle 215 characterized by high susceptibility to digestive disorders, such as the weaning phase of piglets 216 or early in life of poultry. Due to a more stabilized intestinal health, animals are less exposed to 217 microbial toxins and other undesired microbial metabolites, such as ammonia and biogenic 218 amines (e.g., Eckel et al., 1992). Consequently, growth-promoting feed additives relieve the host 219 animals from immune defense stress during critical situations and increases the intestinal 220 availability of essential nutrients for absorption, thereby helping animals to grow better within 221 the framework of their genetic potential. 
Kirchgessner, 1998) including suppressed formation of biogenic amines (Eckel et al., 1992). 253
Relief from microbial activity and related by-products is of high relevance, especially in 254 the small intestine, because production of volatile fatty acids counteracts stabilization of 255 intestinal pH required for optimum activity of digestive enzymes. In addition, intestinal 256 formation of biogenic amines by microbiota is undesirable not only because of toxicity, but also 257 due to the fact that biogenic amines are produced mainly by decarboxylation of limiting essential 258 amino acids (e.g., cadaverine from lysine, scatol from tryptophan). Consequently, relief from 259 microbial fermentation in the small intestine may improve supply status of limiting essential 260 nutrients (e.g., . either an antibiotic or a phytobiotic feed additive. Simultaneously, the mRNA abundance of the 275 pro-inflammatory cytokine nuclear factor-kappa B was decreased in mesenterial lymph nodes 276 whereas expression of tumor necrosis factor-and caspase-3 remained fairly unchanged. These 277 observations seem to reflect a reduced activity of relevant tissues of the gut associated lymphatic 278 system, presumably as an indirect consequence of the relief from microbial activity and related 279 by-products through phytogenic feed additives. 280
Improved digestive capacity in the small intestine may be considered an indirect side 281 effect of feed additives stabilizing the microbial eubiosis in the gut. Such an effect has been 282 shown in young pigs with antibiotic feed additives (Roth et al., 1999) 
FURTHER CONSIDERATIONS TO THE USE OF PHYTOGENIC FEED ADDITIVES 296
Besides efficacy, application of phytogenic feed additives to livestock also has to be safe 297 to the animal, the user, the consumer of the animal product, and the environment. Regarding 298 exposed animals, adverse health effects cannot generally be excluded in case of an accidental 299 overdose. In case of the user (e.g., feed manufacturer, farmer), the handling of pure formulations 300 of such feed additives usually needs protective measures because they are potentially irritating 301 and can cause allergic contact dermatitis (Burt, 2004) . With respect to consumer safety, the 302 phytogenic feed additives cannot be releived from determination of possible undesired residues 303 in products derived from animals fed those products. and organic acids, the phytogenic substances currently used in practice seem to similarly 332 modulate relevant gastrointestinal variables, such as microbial colony counts, fermentation 333 products (including undesirable or toxic substances), digestibility of nutrients, gut tissue 334 morphology, and reactions of the gut associated lymphatic system. Furthermore, some isolated 335 observations seem to support the claimed enhancements of digestive enzyme activity and 336 absorption capacity through phytogenic compounds. In addition, phytogenic products may 337 stimulate intestinal mucus production, which may further contribute to relief from pathogen 338 pressure through inhibition of adherence to the mucosa. Unfortunately, respective experimental 339 results are available only from commercial products containing blends of phytogenic substances. 340 Therefore, there is still a lack of a systematic approach to explain efficacy and mode of action for 341 each of type and dose of active compounds, as well as possible interactions with other feed 342 
